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VICTORIA OBSERVATIONS OF THE TRANSIT OF 
MERCURY, 1940 NOVEMBER 11 


By K. O. Wricut 
(With Plate I) 


HE transit of Mercury on November 11, 1940, was probably 

the most important astronomical phenomenon visible in Victoria 
during the latter part of this year and every effort was made at meet- 
ings of the Society to have as many members observe the transit as 
possible. Poor observing weather throughout the previous week pre- 
vented the much-desired test observations of the sun; snow fell on 
Saturday night and Sunday was cloudy with no apparent prospect 
of a clearing sky. However, Monday, the day of the transit, dawned 
clear and cool and no clouds appeared near the sun throughout the 
observations. This note describes some of the preparations and 
results of the main band of amateur astronomers stationed at the 
observatory of Robert Peters, the President of the Victoria Centre of 
the R.A.S.C., and it also includes all visual observations made in the 
vicinity of Victoria which are available at the present time. 

The observers gathered at the home of Mr. Gordon Shaw at 
11.15 a.m., drove out to Gordon Head and there became busy at the 
four telescopes shortly after 11.30 a.m. As there was no opportunity to 
prepare for the observation beforehand, considerable experimentation 
was necessary, but all the observers found that projection of the sun’s 
image on a white cardboard screen was highly satisfactory. [or the 
two refractors, the screens were set up on camera tripods at the 
desired angle and at such a distance that an image of the sun about 
six inches in diameter was obtained. Another sheet of cardboard, 
in which a hole for the tube had been cut, was placed on the tube 
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perpendicular to its axis in order to provide a dark background for the 
image. In the case of the two reflectors, a music stand and a large 
flat block of wood provided backing for the screens and no difficulties 
were presented in observing the image of the sun. Soon after noon 
the telescopes were ready, the watches had again been checked 
and the observers gathered in groups to discuss the final details con- 
cerning the appearance of the planet at second contact and how the 
observations were to be carried out. At 12.45 p.m. the timer began 
to call out the minutes and half-minutes, and from 12:48: 30 until 
12:51:00 seconds and half-seconds were counted. 

Although no accurate estimate of the time of first contact was 
attempted, each observer was eager to be the first to sight the planet. 
About 12: 49: 05 Mr. Shaw exclaimed “There he is !”—and in a few 
seconds everyone had observed the small black speck which appeared 
rapidly encroaching on the sun's limb. For some time the only sound 
was the regular counting of the seconds. One by one the observers 
saw the flash of light between Mercury and the limb of the sun and, 
having mentally noted the time, vigilance could be relaxed—the 
important observation had been made. 

At the time of second contact, conditions might be termed ‘“‘fair’’. 
The sky was clear and the temperature had not risen greatly during 
the morning. A slight breeze had sprung up however and, on all 
screens, the limb of the sun was “boiling” appreciably. Soon after 
second contact Mr. Peters turned his telescope to Venus. A number 
of members looked at the planet and were surprised how “watery” 
it appeared; as one observer commented, “She was boiling like a 
jelly fish.” It was estimated that the seeing was about 3 on a 
scale of 10. 

The accompanying table gives details concerning the observations 
made near Victoria. At Gordon Head, observations 1-5 were taken 
from the timer who was using a Waltham Mean Time Watch which 
had been rated at the observatory that morning and for several 
days previously. It had been brought to Gordon Head with the 
Gbservers and a telephonic check with Stirling chronometer 7846 
immediately before the transit revealed that the transportation had 
not affected its correction. Observation 6 was made using a Waltham 
Sidereal Watch which had been checked at the observatory for a week 
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Victoria Observations of the Transit of Mercury 


TRANSIT OF Mercury, Victoria, B.C., 1940 NoveMBerR 11 


| Diam. of | 


| Time of 


Telescope Projected | Second 
No. Observer | Size and Type | image, or | Remarks | Contact, 
| Power | | P.S.T. 
At GORDON HEAD—Timer, K. O. Wright 
\=123°18'10"W.; =48°28/18"'N. 
1 | R. Peters | 3-in. Refractor | 10 inches | Uncertain |12" 50™ 58s 
| Dorothy Humeston | 
2 Gordon Shaw | 6-in. Reflector 5 Good 12 50 40 
3 | Wm. Everall | Fair |12 51 00 
| | 
4 | Leonard Hopkins 6-in. Reflector | 7 Good |12 50 39 a5 
5 | W.R. Hobday | | Good |12 50 39 
6 | W. H. Stilwell 3}-in. Refractor | Fair [12 50 28 
At OAK BAY—Timer, R. M. Petrie 
= 123°18'32’""W.; =48°25/36""N. 
7 | H. B. Brydon | 43-in. Refractor | 7 inches | Good 112 50 21 
8 | A. McKellar | | Good |12 50 25 
At VICTORIA 
A = 123°18'31""W.; @ =48°25'05"'N. 
9 | L. A. Genge | 3}-in. Refractor 50X Fair \12 50 41 


At DOMINION ASTROPHYSICAL OBSERVATORY—Timer, J. A. Pearce 


A= 123°25/3"W.; =48°31'16"N. 


Good 


J. A. Pearce 


12 


| 6-in. Refractor | 6 inches 50 33 
11 | C.S. Beals | Good 12 50 30 
| 
12 | N. C. Stewart _ _|_ 4in. Refractor 6 inches | Good 12 50 35 
At SIDNEY 
A=123°24'8’"W.; =48°39/35"N. 
13 J. Duff | 8-in. Reflector | 100X | Good (|12 50 40 


Mean P.S.T. 12%50™3771 
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beforehand, and which was taken by Mr. Peters on Sunday morning. 
Time checks were obtained both from the observatory and from radio 
station CBR. Again no change in rate was found due to movement 
of the watch. 

Complete details concerning the observations made at Oak Bay 
Observatory are described by Brydon and Petrie in this issue of the 
JouRNAL, 

At Victoria, Mr. L. A. Genge used a 3%-inch refractor with a 
solar diagonal and a dark glass filter, and eyepiece of 50X. Time 
was obtained from two Elgin Watches similar to those supplied to the 
U.S. Navy, whose corrections had been determined at 10 a.m. over 
CBR and whose rates were known. The telescope was in the open 
and there was much boiling at the limb, but the observation was 
estimated to a fifth of a second by means of a stop watch. 

At the Dominion Astrophysical Observatory, finders attached 
to the 72-inch telescope—a, 6-inch refractor and a 4-inch refractor— 
were used. In each case an image of the sun about 6 inches in 
diameter was thrown on a white cardboard screen. Observed times 
of second contact were taken from a watch which was compared 
before and after the observation with Stirling chronometer 7846, 
which has a very small rate, and which is regularly checked with 
Arlington time signals. Telephone comparisons before and after the 
observations with the times used at Gordon Head and at Oak Bay 
were also made with chronometer 7846. 

At Sidney, Mr. James Duff used an 8-inch reflector and observed 
the sun directly with an eyepiece giving about 100 power. To reduce 
the brightness of the image both mirrors were unsilvered and the 
Ramsden eyepiece was slightly darkened by smoking. Boiling at the 
limb was bad and the wind caused some vibration of the telescope. In 
timing, an assistant counted the seconds from a watch which was 
compared with time signals given over CBR on November 9, 10, 11 
and 12 at 10 a.m., P.S.T. 

On account of the boiling on the limb of the sun some observers 
felt that the times were rather uncertain. Brydon at Oak Bay and 
Hobday at Gordon Head thought that at the second contact the light 
appeared between the planet and the limb of the sun for a second, 
disappeared and then came the final break; others did not record the 
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double break of the planet from the limb. Corrected Pacific Standard 
Times obtained by the several observers are given in the table and the 
range in time of about half a minute clearly shows this uncertainty. 
However, when these times are compared with published observations 
for other transits of Mercury, the agreement seems as close as might 
be expected. The mean observed time of second contact, 12" 50™ 38s 
may be compared with the predicted time of 12" 51™ 00* according 
to formulae given in the Nautical Almanac for 1940. As, however, 
these formulae did not include all corrections to the positions of the 
sun and Mercury, the discrepancy cannot be considered significant 
until detailed comparisons are made. These results are being sent 
to the U.S. Naval Observatory where they will be analysed in con- 
junction with all other observations to determine the true time of 
second contact for this important transit. 


Dominion Astrophysical Observatory, 


December 3, 1940. 


THE 1940 TRANSIT OF MERCURY 
By H. Boyp Brypon anv R. M. Perri 


(With Plate II) 


HEN an inferior planet, being in inferior conjunction, has a 

less latitude or distance from the ecliptic than the sun’s semi- 
diameter, it will be less distant from the sun’s centre than such semi- 
diameter and will therefore be within the sun’s disk. ... Its dark 
hemisphere being turned towards the earth, it will appear projected 
upon the sun’s disk as an intensely black round spot. The apparent 
motion of the planet being then retrograde, it will appear to move 
across the disk of the sun from east to west in a line sensibly parallel 


N 


Fig. 1—Diagram showing the four important instants of a transit; 1st, 2nd, 
3rd, 4th contacts of the limb of the planet with the sun’s limb. The diameter 
of the planet is greatly enlarged compared with that of the sun in this diagram. 


to the ecliptic. Such a phenomenon is called a ‘Transit’.” So, some 
ninety years ago wrote Dionysius Lardner, D.C.L., sometime Pro- 
fessor of Natural Philosophy and Astronomy in University College, 
London. “A Transit of Mercury [is observed because it] furnishes 
an opportunity for determining corrections to the planet’s place and 


its orbital elements” ;' and at the same time it affords one of the most 


IRUSSELL, DUGAN AND STEWART, Astronomy, p. 313. 


6 


| 
E —— - 


The 1940 Transit of Mercury 
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valuable checks upon irregularities which are known to occur in the 
rotation of the earth. 

3ecause of the extreme difficulty, due to the brilliance of the 
sun’s surface, of observing with any exactitude the times of the first 
and fourth contacts, see Fig. 1, only the times of the second and 
third contacts can be observed with sufficient accuracy to be of 
scientific value. 

As second contact approaches, irradiation usually causes the planet 
to assume the appearance of a “black drop”, hanging within the limb 
of the sun, as in Fig. 2. Because of this effect, the times of these 
contacts are now considered to be the instants when the “drop” 
breaks free from the limb at second contact and forms at third 
contact. Notable variations from the above course of events have 


Fig. 2.—General appearance of the planet in transit immediately before 
second contact and after third contact, known as the “black drop.” 


been reported by experienced observers, however.2 The black drop 
is not always seen while not infrequently the drop breaks away from 
the limb, but reforms and breaks finally some seconds later. This 
occurred in the present transit as observed by one of us. The drop 
appeared to break, showing a clear line of separation about one fourth 
as wide as the apparent diameter of the planet, and after about half 
a second reformed, to break from the limb finally about three seconds 
later. 

Determination of the precise instant of contact then is not in 


*See WEBB, Celestial Objects for Common Telescopes. 
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practice a simple matter. It is further complicated because the limb 
of the sun is not a clean-cut stationary line but, due to atmospheric 
turbulence, is wavy, having a fluttering appearance. That the diffi- 
culties of the visual observation are not slight is shown by the fact 
that during the last transit which occurred on 1927 November 9, the 
geocentric times of the third contact as determined at the Greenwich 
Observatory differed among five observers by as much as 32.5 
seconds 3 thus bearing out the remark of Capt. F. J. Hellweg, Super- 
intendent of the U.S. Naval Observatory at Washington, in his 
Request for Observations and Instructions for Observers: “Obser- 
vations of the transits (of Mercury) are uncertain by amounts 
approaching half a minute of time.” Only when a large number of 
observations of a given transit are available can the effect of these 
difficulties on the final reduction be practically eliminated. ‘The 
results of previous transits have always suffered from the too small 
number of observations obtained.” 

In the programme to be carried out at Oak Bay Observatory, 
Victoria, B.C., Lat. +48° 25’ 36."1, Long. 123° 18’ 32."6 W., alti- 
tude about 70 feet above sea level, it was decided to observe the first 
and secon contacts visually by projecting the sun’s image onto a 
suitable screen. For such observations we consider that the projec- 
tion method has important advantages over direct observation at the 
telescope eyepiece. It permits the use of both eyes at easy reading 
distance. Being freed from eye and muscle strain not only can an 
observer concentrate more steadily and easily on his work, but several 
observers can watch simultaneously the progress of the phenomenon 
thereby affording a valuable check upon individual impressions.‘ 

Using a power of 60 on the Miller 4-inch refractor of F15 focal 
length, the projected image was 17 cm. in diameter. The particular 
screen used is stiffer and lighter than that commonly used which is 
attached to the draw-tube of the telescope. 


3M.N., vol. 88, p. 118. 

‘As in such observations it is important to know in advance where to look 
for the ingress of the planet, the following rule for determining the orientation 
of a projected image is useful:—The telescope being stationary, the direction of 
drift of the image on the screen is westwards. North is then 90° clockwise from 
the west point. 
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It was also decided that following the visual observations subse- 
quent stages of the transit would be photographed with a camera 
designed and built for solar photography, giving an image on the 
plate, using the 60 eyepiece, about 8.2 cm. in diameter., It is hoped 
to publish a description of these accessories later. 

All times were observed on a Stirling (Montreal) mean time 
chronometer No. 7164 most kindly lent for the occasion by Dr. J. A. 
Pearce, Acting Director of the Dominion Astrophysical Observatory. 
It was intended to rate this chronometer in position in the Oak Bay 
Observatory, by time signals from the Mare Island Navy Yard trans- 
mitter, but this arrangement failed, owing to the non-delivery of the 
necessary receiver, and on the day of the transit its error was ascer- 
tained by telephonic comparison with chronometer No. 7846 at the 
Dominion Astrophysical Observatory, using a watch as intermediary. 
The means of several coincidences received by telephone gave the 
following corrections to chronometer No. 7164. 

Before transit, chron. correction...............0e0e0e0005- +1™ 04°3 

After transit, chron. +1" 0448 

Mean correction used in determining the Pacific Standard 

Time of second contact and of all photographic exposures. +1™ 04°6 
After completing the programme, chronometer 7164 was carefully 
moved about 65 feet to a steady support and was there rated by direct 
comparison with the time signals broadcast daily by the Canadian 
Broadcasting Corporation over Station CBR at 10 hrs. P.S.T., with 
the following results: 


Chronometer 7164 


Date Correction Daily rate 
Nov. 12 +1™ 05°2 40.4 
13 1 05.6 
+0.1 
14 1 05.7 
+0.7 
15 1 05.0 
40.0 
16 1 05.0 
~0.7 
17 1 04.3(? 
(?) 03 
18 1 04.0 
+0.1 
19 +1 04.1 
Average correction during period +1" 04°9 
‘daily rate + 0.1 
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Visual Observations. The visual observations were made by Dr. 
A. McKellar (McK) and Brydon (B) and the chronometer was 
observed by Petrie (P). First contact, though seen, was not timed. 
The Pacific Standard Times of second contact were recorded as 
follows, 

Ist break (B) ~P.S.T. 
2nd break (McK) 12 50 24.6 

The log of observations notes “The image cleared the sun’s limb 
twice. On first break B called, on second break McK called.” To 
B the second break occurred about one half second before McK 
called. “Limb boiling badly. B estimates seeing 5, P seeing 3 on 
basis of 10.” “Sky cloudless, weather cold, wind light, north.” 

Photographic Observations. With the telescope aperture reduced 
to 2-inches five plates were secured over an interval of approximately 
an hour with the solar camera, using a K-2 (yellow) Wratten filter, 
Eastman Contrast Lantern slide plates, 1/25 second exposure and 
Ross developer. 

These photographs were taken principally for pictorial purposes, 
and to demonstrate the possibilities of a small telescope and camera 
suitable to the needs and resources of the amateur observer. The 
photographs consequently were not ideally situated, in time, for the 
purpose of determining the time of contact for which a large number 
of exposures made with the planet in close proximity to the solar limb 
are required. Nevertheless, it was decided, as a matter of interest, to 
measure the plates and to determine what information they could 
furnish regarding the time of second contact. 

The photographs were of good definition and satisfactory density 
for measurement. The solar image upon these plates measured 83.8 
mm. in diameter, while that of Mercury was 0.4 mm. and was readily 
seen without magnification. The accompanying Plate Il reproduces 
the first four of our photographs and gives a good idea of their general 
appearance. The heavy black line is an east-west line produced by 
the shadow of a linen thread, mounted in the camera close to the plate. 

The plates were measured by projecting the image, magnified, 
upon a sheet of cross-section paper, a magnification of 5.5 diameters 
being used so that the solar image was approximately 46 cm. in 
diameter. With this magnification the images of the solar limb and 
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the planet were well defined and easily measured, the chief uncertainty 
being in the exact position of the solar limb which, owing to poor 
seeing, exhibited considerable undulation. In spite of this, the 
measures of the solar diameter showed remarkably good agreement, 
the total spread among the five images amounting to only 0.5 per cent. 

Each plate was measured separately without reference to the 
others, apart from the use of the east-west line for purposes of 
orientation. The positions of the planet, and of several points around 
the solar limb, were marked upon the cross-section paper and subse- 
quently measured from an arbitrary origin, parallel and perpendicular 
to the east-west direction. Each plate was reduced separately and 
the positions of the planet were referred to the centres of the solar 
discs as determined from the limb measurements. The following 
table of observations gives these measured planet positions as well 
as the times of the observations, the measured solar radii, and the 
weights assigned to the plates. The x co-ordinate is taken positive 
toward the west and that of y as positive towards the north. The 
mean value of R, the solar radius, is 23.14 + 0.02 cms. Using the 
value of the solar radius given in the American Ephemeris, p. 590, 
we find the scale of our projected images to be 1 cm. = 41.9 seconds 
of arc, so that the probable error in our mean solar radius becomes 
+0."8. On this basis the radius of the planet Mercury, r, is to be 
taken as 0.12 cm. 


TABLE | 
Co-ordinates Solar 
Plate No. of planet Radius Weight of exposure 
x y 
cm. cm. cm. 
1 —19.83 +0.18 23.14 3 135 13.15 
2 —17.78 1.02 23.19 3 29.65 
3 —15.24 2.04 23.16 2 48.21 
4 —12.14 3.76 23.06 3 14 12.41 
5 — 9.73 4.75 23.14 1 29.64 


Having the observations as given in Table I, the problem reduces 
to one of plane geometry. We are able to find the apparent path of 
the planet with respect to the solar disc from the measures of + and y 
and to relate its position to time. Our method is then: find the values 
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of « and y for the centre of the planet, when its limb is just in internal 

tangency with the solar disc. This is the position of second contact. 

The relation between x, y and ¢ will then furnish the time of contact. 
Analytically, let the solar limb be given by 


24+ = (1) 
and the path of the planet by the relations 
t=axr+b 
t=cy+d (2) 
or ax=cy+b-d=0. 


Then if , yo be the co-ordinates of the centre of the planet at the 
time of internal tangency and r be the planet’s radius, we have 
+ = (R-1)? (3) 
and ax%,-cy, +b-d=0 
which, solved simultaneously, give x, and y,. Substituting these 
values in (2) will then give the time of contact to. 
From the measurements given in Table I the following values 
were derived for the constants in (1) and (2): 
R=23.14+0.02 cm. 
r = 0.12 cm. 
= +19.25+0.14 


a 

b =+164.66+0.88 
c =+ 41.6641.04 
d 
a 


=+ 11.95+1.03 
value for 
to= —10"5 + 170 
so that from these plates the time of second contact is 

12" 49754170 P.S.T. 

A comparison with the mean of several visual observations made 
at Victoria indicates that this time is about one minute earlier than 
the mean of the visual results and has a much lower precision. In 
this connection it may be noted that the effect of poor seeing may 
be to cause the visual contact to appear too late, but by the photo- 
graphic method as applied here to give a time of contact too early. 

However, the writers consider that the photographic method as 
outlined here possesses advantages over the visual method in obser- 
vations of such scientific importance as this, not the least being its 
objectivity, and that with the method of measurement and reduction, 
adopted here, it is capable of giving reliable results. 


and the solution leads to 
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Although in the present instance our probable error of one minute 
in the time of contact corresponds to an uncertainty of six seconds 
of are in the position of the planet with respect to the sun’s limb it 
must be emphasized that our present data, for the reasons given 
above, do not constitute a proper test of the method since only five 
photographs were obtained, the first not until some twenty-three 
minutes after second contact thereby involving a too great extrapola- 


Fig. 3—The observed apparent path of Mercury across the solar disc. The 
positions of the planet, measured with respect to the solar limb, are shown as 
dots for each of the five photographs. The dotted portion of the straight line 
shows the extra-polation to the point of ingress. 


tion from the observations, as an inspection of Fig. 3 will show. 

If a number of photographs be taken in rapid succession, as near 
as possible to the time of contact followed or preceded as required by 
additional plates taken at greater intervals throughout the transit, we 
consider that, after measurement and reduction by our method, the 
resulting probable error in the time of contact would be reduced to 
a few seconds. 
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Four features of this experience are perhaps worth the attention 
of others. 

1. For timing observations use preferably a pendulum clock with 
seconds hand, failing that a chronometer or good watch. The momen- 
tary rate of electric clocks is too uncertain for use in such work. 
Careful rating of the time-piece used is of prime importance. Rate 
only by radio signals from a recognized government source. In case 
of possible failure of one, arrange, if possible, for two sources of 
correct time for this purpose. The time-piece should remain in place 
undisturbed, except for winding, for several days before and after the 
event, its error being determined daily. 

2. Endeavour to complete all arrangements, trial exposures, re- 
hearsals and the like at least two days before the event. Something 
always needs doing at the last moment. 

3. Proceed with all preparations irrespective of unpromising 
weather conditions. For several days before this transit the weather 
at Victoria was cloudy and rainy and the previous day ended in a 
gale and snowstorm. The day of the transit was calm and the sky 
cloudless. The following day its visibility would have been very 
doubtful and on the next, impossible. 

4. Note independently, carefully, and in writing immediately 
following the event, all you observed. Do not revise it because of 
lack of confirmation. 

Finally. If photographic observations of a transit are contem- 
plated every effort should be made to secure many exposures near 
the time of contact as well as during the passage of the planet over 
the sun's disc. When this is done the photographs will be of definite 
scientific value. 


Victoria, B.C., 
December 8, 1940. 
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JOHN BEATTIE CANNON, M.A., 
1879-1940 


By T. H. PARKER 


HE sudden death of Mr. John B. Cannon came as a great 

shock to his many friends, and was a grievous loss to the 
technical service of the Dominion Government, of which he had 
been a distinguished member for many years. Following an 
illness of litthe more than a week he died on February 6, 1940. At 
the time of his death he held the important position of General 
Executive Assistant to the Director of the Surveys and Engineering 
Branch, Department of Mines and Resources. In his passing his 
family has lost a devoted husband and father, his community a 
most useful citizen, and his country a servant of exceptional worth. 

John Beattie Cannon was born at Annan, Ontario, October 23, 
1879. Of Scottish ancestry, he was the fourth son of James 
Cannon and his wife, Nancy Armstrong. From his father, formerly 
a teacher in Edinburgh, he inherited his love of learning, and from 
his mother his appreciation of the finer values of life. Receiving 
his early education at home and at the public school of his native 
village, he entered the Collegiate Institute at Owen Sound in 1893. 
Four years later he matriculated with honours in mathematics and 
physics. Then for a time he followed his father’s profession, and, 
like many an ambitious youth of those days, he taught school in 
order that he might go to college. For nearly six years he presided 
over the public school at Kilsyth, near Owen Sound, where many 
former pupils attest to his gift of imparting knowledge. 

With this excellent preparation of early training and profitable 
experience, he proceeded to the University of Toronto in the fall 
of 1904, and registered in the honour course of Mathematics and 
Physics. Specializing in mathematics in his final year, he gradu- 
ated with first-class honours in June, 1908. During his course he 
was also prominent in sports and other college activities. In 1906 
he was manager of the Arts Association football team, and in the 
following year he was elected President of the University Associ- 
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ation team which won the Inter-Collegiate championship. An 
active member of the literary society, in his final year he enjoyed 
the unique honour of being the only “‘Unionist’’ with a portfolio 
in the “Old Lit” cabinet. With such a brilliant career at college 
he left behind him a name which will long be remembered. 

Mr. Cannon's professional career falls naturally into three 
parts: first, astronomer; second, geodetic engineer; third, technical 
executive. A few weeks after graduation he received notice of his 
appointment to the staff of the Dominion Observatory at Ottawa. 
He reported to the late Dr. W. F. King, Chief Astronomer, on 
June 19, 1908, and for the next eleven years was a valued member 
of the observatory staff. During that period he conducted scientific 
research on stellar spectra and radial velocities of binary star 
systems under Dr. J. S. Plaskett, then head of the division of 
astrophysics. Mr. Cannon was one of a happy group of workers, 
now sadly thinned by the grim reaper, who owed much to the 
inspiration and enthusiasm of such eminent leaders. In 1909 he 
took his degree of Master of Arts in the University of Toronto. 
Later he became a regular contributor to the JOURNAL of the Royal 
Astronomical Society of Canada. While at the observatory he 
published nearly a score of determinations of the orbit elements 
of spectroscopic binaries, and in this made a valuable contribution 
to astronomical research. 

In July 1919 Mr. Cannon was transferred to the staff of the 
Geodetic Survey of Canada. The latter had been instituted in 
1909 to meet the growing need of the development of the natural 
resources of Canada, and of international relations. Increased 
demands following the war made further extension of its organiza- 
tion necessary. Mr. Cannon was directed by the Superintendent, 
Mr. Noel J. Ogilvie, to undertake the adjustment of the Precise 
Level Net of Canada. The principal object of a geodetic survey 
is to provide the control necessary for all other surveys. The 
horizontal control as established by geodetic latitudes and longi- 
tudes is determined by primary triangulation, based upon the North 
American datum as adopted by Canada in 1913. Vertical control 
is determined by precise levelling with mean sea level as datum. 
In case of the latter operation, certain differences which occur in 
the field determinations of elevations of junction points in the level 
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net make necessary a mathematical adjustment. The purpose of 
such an adjustment is to remove these discrepancies and to bring 
about uniformity not only of many diverse results but also of 
initial points or datums. The adjustment that Mr. Cannon under- 
took was of the greatest importance as it formed the first adjustment 
of levels made in Canada. It furnished the values of elevations 
upon a uniform datum, which were constantly required for many 
lines of engineering work throughout the Dominion. The magni- 
tude of this undertaking may be appreciated from the fact that 
the net as adjusted comprised 23,000 miles of precise levelling. 
Most of this work was done by the engineers of the Geodetic 
Survey, though some 4,000 miles had been completed by those of 
the Topographical Survey. Mr. Cannon set to work on this intri- 
cate problem with his usual thoroughness and mathematical skill. 
He based the adjustment on mean sea level as given by the tidal 
stations at Halifax, Yarmouth, Father Point on the Atlantic, and 
at Vancouver and Prince Rupert on the Pacific, and on Rouse’s 
Point on the International Boundary, for which a basic elevation 
was agreed upon by Canada and the United States. 

Great accuracy was required in the work, and Mr. Cannon’s 
ability in its prosecution was recognized by his promotion in May 
1926 from the position of Office Engineer to that of a higher grade. 
The first adjustment of the Precise Level Net of Canada was 
completed in 1928, and as Chief of the Division of Adjusted Eleva- 
tions, he published the results in a comprehensive report. In 1935 
he announced further results of more recent adjustments made 
necessary by new conditions. The importance of these later 
adjustments is due to their international character owing to the 
wide use of elevations by engineers of both Canada and the United 
States in the areas adjoining the International Boundary and 
waterways. In connection with these, and other related problems, 
he was for many years an active member of the National Committee 
for Canada of the International Geodetic and Geophysical Union. 

When the Department of Mines and Resources was reorganized 
in 1936, Mr. Cannon was chosen as General Executive Assistant to 
the Director of the Surveys and Engineering Branch, and his 
promotion was deservedly popular. Nevertheless his cheery 
presence was greatly missed on the Geodetic staff where he had 
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been such a worthy member for seventeen years. Though his 
duties and responsibilities increased he remained ever ready to 
offer assistance and counsel wherever needed. His new position 
offered a wide scope for his ability and developed his genius for 
administration. The Surveys and Engineering Branch comprises 
such large units as the Dominion Observatory, the Geodetic Service, 
the Engineering and Construction Service, the Dominion Water 
Power Bureau and the Hydrographic and Map Service. In appreci- 
ation of Mr. Cannon’s services in this important Branch, his 
Director, Mr. J. M. Wardle, has written: “‘Many executive prob- 
lems naturally arose from time to time in relation to technical and 
scientific matters, and in dealing with these Mr. Cannon exercised 
rare tact and good judgment. He was responsible for handling 
matters of personnel which required an intimate knowledge of 
the whole Branch. The extensive functions of the Branch along 
technical and scientific lines required a sound basic knowledge on 
which decisions rested as to annual estimates, field work and 
requirements in technical and scientific equipment, and Mr. 
Cannon quickly developed the knowledge required.”” It is but 
natural therefore that there is a deep feeling of personal loss to 
all who have been privileged to associate with him. 

A man of domestic tastes, he was greatly devoted to his family. 
Two years after coming to Ottawa he married Miss Irene Bishop, 
the talented daughter of a pioneer family. Their marriage was 
ideal, and their beautiful home near the Experimental Farm was 
indeed a happy one. Three sons were born, all of whom have 
offered their services to their country in the present conflict. As 
a thorough believer in education, their father determined that 
his sons should be fully equipped for their life work. The eldest, 
Hugh Bishop Cannon, B.S.A., Ph.D., is an honour graduate in 
Agriculture of McGill University. Later he studied in England 
and completed his Ph.D. degree at the University of London. He 
is now on the staff of the Division of Horticulture at the Central 
Experimental Farm, and is also a member of a local unit of the 
Royal Canadian Artillery. Lieut. John J. R. Cannon, M.A., Ph.D., 
is an honour graduate in Chemistry of Queen’s University, and a 
post-graduate of McGill University. As an officer in the Royal 
Canadian Ordnance Corps, he is on active service in an Eastern 
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Canadian port. The youngest son, Lieut. Douglas Gordon Cannon, 
M.Sc., is also an honour graduate in Agriculture of McGill Uni- 
versity, and is now on active service with the R.C.O.C. in England. 
To these distinguished sons and their devoted mother is extended 
our sincere sympathy in their sad bereavement. 

It is a sound axiom that every man should have a hobby. Mr. 
Cannon’s favourite pastime was gardening. An expert horti- 
culturist, his garden was splendidly landscaped, and was a constant 
source of pleasure from early spring until late autumn. For many 
years he was a director of the Ottawa Horticultural Society and 
did much to make his city a more beautiful Capital. Fond of 
outdoor activities he was also a keen golfer, and was a member of 
the Rivermead Club. 

Having early learned to square his life by Christian principles, 
he was an active member of Parkdale United Church, and for many 
years was a valued official on the church boards. Mr. Cannon was 
a man whose personality graced every position that he occupied. 
His passing has left a deep and abiding feeling of regret in the 
memory of all his associates. 


Geodetic Service of Canada, 
Ottawa, Canada. 
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VISUAL PHOTOMETRY OP VARIABLE STAKS 


By H. Boyp BryDon 
(Continued from page 455 of the December, 1940 issue) 
The response of a normal eye to lights of different intensities is 


usually shown by the curves in Fig. 4; curve A representing the 
response to very faint light and curve B to bright light. Although 
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Fic. 4. Relative sensibility of the eye: curve A to 
faint light, curve B to bright light. 


the general accuracy of curve A both in shape and position is some- 
what in doubt, as other experimenters, notably Allen®™, have found 
the relative displacement of the two curves to be much less than 
here shown, it is generally considered that curve A with its maxi- 
mum in the blue-green region of the spectrum at about d 500 
represents rod vision and curve B with its maximum in the yellow 
region at about \ 5500 represents cone vision. 

It should be noted that although these curves are drawn with 
maximum ordinates of the same height and to the same scale of 
wave lengths, they are not otherwise related. The ordinates 
represent the percentage variation for each curve and are merely 
plotted to the same scale of intensity for convenience. Were the 


*F, Allen, ‘‘On the persistence of Vision,” Phil. Mag., v. 38, p. 81, 1919. 
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ordinates proportional to the two intensities the maximum ordinate 
of curve B would be about 1000 times greater than that of curve A. 
The two curves however may be said to represent the response of 
the eye at the beginning, by curve B, and at the end, by curve A, 
of the gradual dimming of a bright light nearly to the threshold 
of vision, while the actual response of the eye during the process 
would be represented by a curve which moved from B to A. 

The relative response for different intensities is better shown by 
the family of curves in Fig. 5, due to Dr. Frank Allen, F.R.S.C.,? 
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Fic. 5. Relative response of the eye to lights of 
different brightness. 


in which the several maxima are seen to move towards the blue as 
the intensity decreases. 

It must not be thought that the positions of these curves are 
fixed and constant for all healthy eyes; on the contrary there is 
much diversity among different individuals. Both sets of curves, 
however, make it clear that as the intensity of the light diminishes, 

%F, Allen, Phil. Mag., v. 38, p. 85. 
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the ability of the eve to recognize colour becomes relatively less for 
red and yellow than for blue. The bluish-green hue of white 
objects in moonlight is a result of this condition. A further result 
is the Purkinje effect, one of the lesser difficulties met with in the 
observation of long-period variables. 

Brietly the Purkinje effect amounts to this: Two coloured 
sources of light, red and blue for example, which appear equally 
bright when of a certain intensity appear unequal when both are 
changed in the same proportion. As their intensity is lowered the 
blue appears to be brighter than the red and vice versa. 

The effect may be seen quite well by watching the relative 
visibility of two books having covers of bright red and bright blue 
as the room darkens in the gathering twilight; indeed it is of interest 
to compare in this way the relative visibility of blue, green, yellow, 
orange and red covered books. The colours should of course look 
about equally bright in full daylight and the eye should not be 
dazzled by artificial light between observations. Even a rough 
experiment, such as this, is often worth more than many printed 
words. 

As we are chiefly concerned with the observation of the red 
stars we must enquire to what extent the Purkinje effect may 
vitiate our estimates of brightness. 

There seems to be great difference of opinion on the matter. 
Russell, Dugan and Stewart say:** “It is impossible to make a 
red star look identical with a blue one by any mere increase or 
decrease of brightness and the measurements of different observers 
will differ considerably.’’ Presumably ‘‘look identical’? means 
“look equally bright’’ and, since all observations differ to some 
extent, ‘‘differ considerably’’ means ‘‘differ more than the average 
differences in visual observations on stars of the same or nearly 
the same colour.” 

Hardy and Perrin*’ remark, “If the two halves of a photometer 
field are illuminated by lights of a different colour the eye is seriously 
embarrassed in making an equality-of-brightness match,. . . there 
is no point at which the two halves can definitely be said to have 
the same brightness. Settings can be made which appear to be 


26**Astronomy,’’ p. 616. 
27*‘Principles of Optics,’”’ p. 291. 
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fairly reproducible when judged by the average departure from the 
mean, but if the experiment is repeated by another observer or even 
by the same observer at a subsequent time a very different result 
may be obtained.” 

When the light-sources are points, as in the case of star com- 
parisons, they say (p. 270): ‘although the intensity of a point- 
source can be estimated roughly, precise measurements require a 
photometer head in which the eye estimates the brightness of an 
extended surface illuminated by the source,’ a condition which can 
be met to some extent in stellar comparisons by the use of out-of- 
focus images. 

On the other hand, C. G. Knott** while admitting the difficulty 
remarks: ‘‘When the intensities of two differently coloured lights 
differ considerably, there is no difficulty in judging which is the 
stronger. By making the one light pass through a fairly large 
range of brightness we may easily assign limits outside of which the 
intensities are undoubtedly different. After some experience these 
limits get close and many experimenters find it possible by taking 
proper precautions not only to effect a match but to effect the same 
match time after time.’ In variable star photometry, limits which 
in effect are the same as those mentioned are obtained by the 
practice of using comparison stars brighter and fainter than the 
variable. 

L. C. Martin®’ says: ‘Judging brightness equality”’ of lights of 
different colours ‘‘is a quickly acquired faculty and even though it 
is not at all easy at first a surprising consistency is soon attained.” 
W. H. White*®® agrees with this view and states that ‘‘with practice 
different observers will come to agree within two or three per cent. 
in equalizing even signal red and green.’’ Dr. Caroline Furness 
says: ‘‘The Purkinje effect bears directly upon the observation of 
long-period variables since many of them are quite reddish in colour. 
As one of them grows brighter it will have a different apparent rate 
of increase from a white star and will appear brighter than a white 
star which increases intrinsically at the same rate and to the same 

Brit.”, ed., Art. Photometry. 

29Colour and Colour Reproduction,” p. 91. 

30*Physics,”’ p. 382. 

3\‘Introduction to the Study of Variable Stars,”’ p. 108. 
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amount. However there is no way in which this difficulty can be 
overcome. All that can be done, where that is possible, is to select 
a red comparison star, taking a long look at the reddish star as by 
so doing its brightness becomes more vivid.” 
Much depends upon the position of the stellar image upon the 
retina. Many investigators state that if the red star is observed 
with the foveal region of the eye, the Purkinje effect does not occur. 
Helmholtz** quotes W. Nagel as saying, ‘‘when star images are 
steadily fixed the Purkinje effect disappears.’’ The importance of 
looking steadily at each star in turn instead of attempting to see 
both at once is repeatedly stressed by observers. 
That errors in estimating the magnitude of long-period variable 
stars traceable solely to the Purkinje effect are as great as some 
statements would lead one to infer is, I believe, decidedly question- 
able. Differences due to the varied response of different eyes are 
of greater importance. However as these inconsistent estimates 
rightly or wrongly are very generally attributed to it, a short dis- 
cussion of the Purkinje effect is presented. 
It may be remarked at once that except perhaps in the doubtful 
case of the companions of certain double stars there probably are 
no ‘‘blue”’ stars available as comparison stars. ‘‘The colours blue 
and green are subjective’ says Osthoff** after twenty-five years 
devoted to measuring the colours of stars. Bell** comes to the 
same conclusion. ‘‘Neither the eye nor the spectroscope,’’ he says, 
‘gives evidence of unusual colours in isolated stars; especially note- 
worthy is the complete absence of anything approaching strong 
blue or green.” 

Secondly, there are few if any strictly red stars except the few 
R- and S-type stars which are a deep red at minimum. Schmidt, 
the father of stellar colourimetry says: ‘In my experience neither 
a pure white nor a decidedly red star occurs. In all the red stars 
without exception, the fundamental colour is an intense yellow with 
a decided though unequally strong inclination towards red. This 
is the case with Antares’’ (Type M1, which is commonly described 


2“Hadbh. d. Physiol. Optik,” v. 2, p. 281, 3rd ed. 

3°*The Colours of the Fixed Stars,’”’ A.N., v. 155, No. 3657-58, Col. 142. 
%Star Colours, a Study in Physiological Optics,”’ Ap. J., v. 31, p. 234. 
"A.N., 1897. 
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as a fiery red star). ‘‘A true red,” he proceeds, ‘‘carmine or blood 
red, such as I know in the solar prominences, the red of the Fraun- 
hofer line C, I have never found in the case of a star.”’ 

Of the total number, 3924, of variable stars known in 1935, 
some fifty-five per cent., or 2144, are classed as long-period, Table I. 
Of these long-period variables, according to Merrill® eighty-eight 
per cent., or about 1887, are of type M, five per cent., or 107, are 
of type N, five per cent. of type S and the remaining two per cent. 
are of type R. 

Of the 225,000 stars in the Henry Draper Catalogue more than 
99 per cent. are assigned to spectral types B, A, F, G, K, M.*"_ If 
we accept as comparison stars for magnitude estimates of the long- 
period variables only stars of types G and K, it is necessary to show 
that their distribution in magnitude and position relative to type M 
stars is favourable for this purpose. Their distribution in latitude 
is shown in Table V. The upper part of this table shows the ratios ae 
of G+K stars and of K stars alone to M stars for magnitudes 7.0 to od 
8.25. The lower part shows for the same latitude zones these ratios 
for all stars of these types brighter than 8.25 mag. Table VI shows 
the same ratios taken between latitudes +90° and —10° for the 
four arcs of longitude stated. 

TABLE V 
AVERAGE DiIsTRIBUTION IN GALACTIC LATITUDE OF G, K AnD M Stars 
Magnitudes to 8-25 


Latitude +90 | +75 | +60) +45 | +30} +10; O | —10 | Totals 
| 15) | 145 | 15-0 | 17-7 | 17-9 | 20-9 | 17-6 | 136-6 
SSR. 1/29 | 35 | 30-2 | 36-8 | 39-2 | 51°5 | 59°3 | 47-7 | 328-7 
eee | 47 50 44-7 51-8 | 56-9 | 69-4 | 80-2 | 65-3 | 465-3 
63) 52 60] 110 | 13-2 | 136 | 12-5 | 
(G+K)/M 87] 51] 53] 59] 5-2 6-2 
K/M.......| 41 | 561 58] 61] 36] 441] 38 44 
Brighter than magnitude 8°25 
| | | 
| 22 17-7 | 18°8 | 17-8 | 22-3 | 22-6 | 260 | 220 | 169-2 
| 38 | 43-3 | 40-0 | 44-8 | 49-8 | 63-7 | 69-0 | | 409-7 
Total 60 | 61-0 | 58-8 | 62-6 | 72-1 | 86-3. | 95-0 | 83-1 | 578-9 
| 8 73 | 7:5 | 82] 13-7 | 15-7 | 17-5 | 15-9 | 93-8 
(G+K)/M | 75] TS | 7TH) SB] 55 | 5-4 | 5-2 6-2 
4°8 5:9 53 | 55 | 36] 4:1 39 | 38 4-4 


The Nature of Variable Stars,”’ p. 77. 
37H.C.0. Circular 226, p. 1. 
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TABLE VI 
AVERAGE DISTRIBUTION IN GaLactic LoNGitupE oF G, K AND M Stars 


Long. 10° —90° 100° — 180° | 190° —270° 280° —360° 
+90°} 22] 38] 8} 8.2 | 4:8 | 
75 27| 48] 8] 9-4 15] 39) 7] 7-7 [5-6] 11] 43) 7] 7:7 | 6-1 
60 | 19] 50} 7| 9.9 |7-1/ 17| 32] 5] 9-8 31) 9] 5°2 |3-4] 23] 47] 9] 7-8 | 5-2 
45 | 17) 59) 8) 9.5 | 7-4) 22) 43) 6} 10°8 |7-2| (9) 36] 14) 3-2 [2-6] 23) 41) 5) | 8-2 
30 | 18] 4.2 | 2-9) 26) 48] 9] 8-2 |5-3) 22] 54] 19] 4-0 [2-8] 21) 54)16) 4-7 | 3-4 
+10 | 22} 58/15) 5.3 [3:9] 25) 67/11] 8-4 [6-1] 19] 70} 25] 3-6 [2-8] 24] 60]10] 8-4 | 6-0 
© | 28] 80/18] 6.0 | 4-4] 28] 62/10) 9-0 |6-2| 23] 26) 2-6 |2-9] 25] 58]/16] 5°2 | 3-6 
—10 | 25) 72/22) 4.4 26) 41/9) 7-4 |4-6) 19) 67) 18) [3-7] 18 56] 9) | 6-2 
151/398|92| 6.0 8-8 4-2 7-0 | 5-0 


The data from which Tables V and VI were prepared were 
obtained by counting the numbers of stars of the respective types 
in selected areas and reducing the results to the basis of the numbers 
per 100 sq. degrees.** 

The colours of these spectral types of the Henry Draper stars, 
based upon Osthoff’s Scale are given in Table VII from a paper 
by Franks.*® 

TABLE VII 
Cotours oF G, K AND M Stars (FRANKs) 
G K M 


yellow yellow-orange orange 


Discussing these colours in the light of his own observations 
also, Franks remarks: ‘“‘The type M stars are decidedly orange in 
colour. Na and Nb stars are indistinguishable visually but type 
Nc is unmistakable in its superiority of tint as the reddest of red 
stars. But even this must be qualified as there is no such thing 
as a pure red in stellar tints. I should call the finest specimens 
of type Nc an intense orange-red.’"*° 

It is of interest to note from these three tables that there are 
more orange-yellow K-type stars than yellow G-type stars available 
for these comparisons, and it may be remarked that since not all 
type M stars are variables the actual ratios are greater than those 
given in the tables. 

38See H.C.O. Circular 248. 

39M.N., v. 84, p. 20. ‘‘The relation between Visual Star Colours and 
Spectral Type.” 

4°Types Na, Nb and Nc are now designated as follows: Na=N0, Nb=N2 
and N3, Nce=N5 and N6. 
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Statistically then it would appear to be unnecessary to go 
farther than to type K or at the outside to type G for comparison 
stars for long-period variables and that statements as to the 
practical difficulty of observing them for magnitude because of the 
Purkinje effect have little weight. 

A further illustration of this is contained in a recently published 
paper in which S. Ford® has contributed results of a preliminary 
statistical examination of some 5800 observations on 28 stars 
having a wide range in colour by 169 observers on 313 nights, the 
data being selected from H/.A., v. 104. 


om 


Osthoff’s | Colour Scale 
° 3 a 5 5 
Fic. 6. Results of Ford’s analysis. 


The departure of each observer's observations from his mean 
was derived from at least five observations per star and these were 
then combined to determine the mean error of all the observers 
for each star. This was plotted against the colour of the star on 
the Osthoff Scale with the result shown in Fig. 6. 

Ford concludes that the mean error is a function of the colour 
of the star and may be represented by the equation o,, =0™.0205C + 
0™.176 where o,, is the mean error ascertained as above and C is 
Osthoff's colour number. It is shown by the line AA in the figure. 
The curve BB fits the results better but until much more information 


41S§. Ford. ‘‘The errors involved in the observation of long period variable 
stars.’’ Pop. Ast., v. 48, p. 9, 1940. 
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is available little reliance can be placed on either. The number of 
stars examined is small and all observations were given equal 
weight in forming the means although the material is admittedly 
not homogeneous. 

Assuming for the moment however that the curve BB is roughly 
correct, Ford's data appear to indicate a departure from the mean, 
from all causes be it noted, of about 0.2 mag. for the whitest stars 
and 0.6 mag. for the reddest stars, a difference due to colour of less 
than half a magnitude, whereas it has been shown that position 
angle errors alone may result in differences for stars of all colours, 
amounting to nearly a whole magnitude. To what extent then 
the 0.4 mag. difference is to be attributed to the colour of the star 
in its relation to the comparison stars is not clear. 

The Purkinje effect is not competent for instance to explain the 
error, discussed by Roberts, due to ‘position angle” nor the 
wide scatter, occasionally approaching or even surpassing two 
magnitudes, between observations by experienced observers made 
on the same star on the same night shown by estimates published 
in the A.A.V.S.O. reports. 

It is not competent to explain the somewhat different type of 
scattering noted in the reports of the Variable Star Section of 
the British Astronomical Association, of which the following is a 
conspicuous though by no means unique example: 

“T Cassiopeiae. Above 11.0 mag. the observers divide into a 
bright and a faint group the extremes being separated by 2'% 
magnitudes.’’” 

Nor can it explain such phenomena as reported by Minnaert 
and van der Bilt* in some experiments with artificial stars, experi- 
ments which have received too little attention. 

Two thoroughly competent and experienced variable star 
observers being set to compare two white artificial stars did not 
differ by more than 3 per cent., 0-03 mag., throughout the whole 
range of intensity used in the experiments extending upwards from 
near the threshold of vision for some 7 magnitudes. But when a 
red glass filter was placed before one of the stars, their estimates of 


“Variable Star Section Report No. 11, J.B.A.A., v. 36, p. 282. 
#8‘On the use of coloured filters in the Visual Photometry of Variable Stars.” 
M.N., v. 92, p. 422, 1932. 
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equality of brightness agreed closely when the stars were faint, then 
began to differ widely as the brightness was increased but came to 
be in agreement again at the maximum brightness, a plot of their 
differences being shown in Fig. 7. 

It is abundantly clear that the cause of such phenomena must 
be sought elsewhere than in the Purkinje effect. 

The different sensitivity of the several areas of the retina has 
been shown to be a fruitful source of error but is not the cause in 
these instances. 


Am 
“6 


° “a 6 8 Mag 
Fic. 7. Difference in response of two 
observers to lights of the same intensity. 
(After Minnaert and Van der Bilt ) 


Minnaert and van der Bilt consider that these phenomena are 
to be explained by a difference between the thresholds at which the 
cones of the two observers come into use. At low intensities when 
both are using only their rods they are in agreement. As the stars 
brighten however A’s cones come into service before B's and to him 
the red star looks brighter compared with the white star than to B. 
Finally as the stars continue to get brighter, B’s cones begin to 
function and the difference between their estimates grows less and 
finally disappears. 

Confirmation of this view or at least evidence that the idio- 
syncrasies of individual eyes are competent to cause such differ- 
ences is given by the results of an investigation by Coblentz and 
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Emerson“ in which the relative sensitivity of 125 individuals was 
examined. The results of these tests are shown in Fig. 8. The 
marked variation between the individual curves will be noted. 
While these tests were made with strong light, 50 metre-candles, 
it is not unreasonable to assume that similar differences will occur 
at lower intensities also. Whether this is true or not the phenomena 
of the Minnaert and van der Bilt experiments can be shown to 
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Fic. 8. Varied responses of individual eyes to the same light stimulus. 
(After Coblentz.) 


follow from a small difference between two such response-curves. 
For example, the curve of differences marked B in Fig. 9 results 
from the difference in position of the two response-curves A and B 
in Fig. 10. 

The surprising sensitiveness of the shape of the difference-curve 
to small changes in the relationship of the response-curves can be 
noted by comparing curves B and C of Fig. 9 with the corresponding 
response-curves of Fig. 10. 

The explanation of such differences of response as are shown in 
Fig. 8 may be found in the existence of various degrees of colour- 
blindness among some of the individuals examined. Statistics 


4*The relative sensitivity of the average eye to light of different colours.’’ 
U.S. Bur. Stds., Sct. Pap. 303. 
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indicate that one in twenty-five men, and one in two hundred 
women, are colour-blind, especially in the more common form of 
“red-blindness."’ It is desirable then to have one’s eyes tested for 
this defect in order that, if present, allowance may be made for it 
in estimating the magnitudes of variable stars. 
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Magnitudes above Threshold 
° = 3 4° 
Fic. 9. Difference of response occasioned 
by differing sensitivities of the eye to a 
given stimulus. 


Finally, the most insidious source of error and the most difficult 
to protect oneself against is psychological; a sort of unconscious 
wishful thinking. As Yendell puts it:® “If the observer has 
formed an idea in his mind as to what he is likely to see, from 
previous knowledge or surmise, as from a knowledge of the com- 
puted time of a star’s phases, he is exceedingly likely to persuade 
himself that he actually sees what he expected to see. Or, fearing 
this influence, he falls into the sin of over conscientiousness and 
errs on the other side.”’ 

The only remedy for this is prevention, as the Irish doctor said. 
To hold a perfectly open mind. To consider it completely in- 
different whether the expected action does or does not occur, and 

4“On the observation of Variable Stars,’’ Pop. Ast., v. 13, p. 453, 1905. 


5 
VEN 
LA 
\ 
# 
¥ 


32 Visual Photometry of Variable Stars 


to be interested only in observing and recording, quite objectively 
and without regard to any personal or external views or desires, 
exactly what takes place. 

In concluding this portion of my paper I wish to express my 
sincere thanks to the many friends who in various ways have helped 
to make it possible: to Dr. Frank Allen, Dr. C. Payne-Gaposchkin 
and Dr. S. Gaposchkin, to Dr. P. W. Merrill and to Dr. W. H. 
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Fic. 10. Differing responses to light of the same intensity. 


Steavenson of London, who have graciously permitted me to quote 
them; to The Macmillan Company, owners of the copyright of 
Dr. Merrill’s book ‘‘The Nature of Variable Stars’’; to Dr. C. H. 


pe Gingrich for permission to use matter appearing in Popular 
= Astronomy; to the Director of U.S. Bureau of Standards for per- 
Zi mission to quote scientific paper no. 303 and for the use of Fig. 8 
aa and to many others. 


Especially my thanks are given to Dr. J. A. Pearce, to Dr. 
R. M. Petrie and to Mr. Robert Peters who read the manuscript 
and whose suggestions and advice have done much to give my paper 
what value it may possess, and to the first-named and Dr. FS. 
Hogg for obtaining for me important works of reference. 


(End of Part I) 
Correction: On p. 416 (November), 1. 13, for “divided” put ‘multiplied’. 
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A HINDLE TYPE GRINDING MACHINE 
By Cyrit G, Wares 
(With Plates III, IV) 


NE of the greatest attractions of telescope making as a hobby is 

the simplicity and cheapness of the essential equipment. The 
vast majority of amateurs never get beyond the “oil drum stage”, nor 
feel the need for any other source of power for grinding and polishing 
their mirrors than that of their own strong arms. There are, how- 
ever, a few enthusiasts who build motor-driven grinding machines, 
either for the sheer joy of attainment or (as in my own case) because 
doctor’s orders have put a stop to heavy manual labour. 

The so-called “Alligator” type of machine which was designed 
by Mr. John H. Hindle of Lancashire, England, possesses many 
advantages over older types, not the least of which is the fact that the 
mirror rests freely upon the tool, power being applied at the theoreti- 
cally correct point, viz., close to the plane of contact, instead of the 
thrust coming against a handle cemented to the back of the mirror 
as in hand grinding and in the older types of machine. 

The machine shown in Plate III was constructed almost entirely 
of junk parts and the cost was surprisingly low. The framework is 
built of 2 x 2% x 14 angle-iron, of which I was fortunately able to 
secure a quantity which was being discarded from the wreckage of 
an obsolete telephone plant. The motor F is a second-hand washing- 
machine motor. The main flywheel came from an ancient treadle- 
drive dental engine. 

The main drive shaft G is 34-inch steel shafting, but it would be 
better to use one-inch shaft, as the lighter shaft has some tendency to 
“whip” at the centre. The upright shaft H is driven by a worm gear 
from an old car. This gear, doped with heavy grease, is visible be- 
tween the spokes of the flywheel. Shaft J is driven by a bevel-gear 
taken from a discarded differential. 

A word with regard to the bearings, of which there are six. It 
was found that standard pillow blocks would run into quite a sum of 
money, so a makeshift was devised consisting of short sections of 
2-inch pipe welded to bases of heavy bar-iron. The various shafts 
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were centred in these pipes and babbitted, grease-cups being inserted 
in the four upright bearings, and oil-holes bored in the horizontal 
ones. All speeds being low, these bearing should run without appre- 
ciable wear for a very long time. 

The working platform D consists of two layers of 34-inch board, 
glued and screwed and then given several coats of paint. It is 
iastened to a flange at the upper end of the 3-inch pipe E. At the 
lower end of £ is a short bolt running in a plain bearing. This bolt 
is fastened into a plug of oak secured to E by means of wood-screws. 
The platform turns very slowly, being driven from shaft H by a 
bievele chain and sprockets. 

At the top of the upright shafts are adjustable cranks, K and L, 
which control the motion of the “Alligator”. The elaborate construc- 
tion of the righthand crank is an unnecessary refinement. It can be 
seen that the crankpin L is controlled by a long screw with a ratchet- 
wheel 7 at one end. This ratchet encounters the double pawl N at 
cach revolution, thus providing a continuous variation in the length 
of the stroke. I have not found that any advantage accrues from the 
use of this device, and I have discarded it. A simple crank like K 
is all that need be provided. 

The unique feature of this machine is the “Alligator” A, which 
is a framework of 1 x %-inch channel-iron, welded together. The 
“Alligator” is built around a square frame which embraces the mir- 
ror. Four lengths of 14-inch pipe are welded into holes in the corners 
of this frame. Sliding in these pipes are 14-inch steel rods, one of 
which is seen plainly at B. The rods are tipped with rubber buffers— 
carried by most hardware stores for walking sticks. The push-rods 
are locked in any positions by means of set-screws threaded into the 
“Alligator”. 

The crankpin K drives the “Alligator” from a hole in the centre 
brace of the framework. This hole is bored so that when the crank- 
pin is set at zero drive, the square frame of the “Alligator” centres 
on the platform D. Only one hole is necessary, not several as in the 
original Hindle design, since off-centre adjustments may be secured 
by changing the settings of the push-rods. 

Two adjustable guides are seen in the photograph at P, P. These 


Alligator”. Only one guide is necessary and 
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the righthand one has now been removed. It may be mentioned that 
the contact between the “Alligator” and the guide is the one place 
where, in spite of lubrication, squeaking occurs. This was overcome 
by fastening a leather strap on top of the guide. The weight of the 
“Alligator” should not rest on the guide but on the adjustable collars 
on the crankpins. 

Attention is called to the fact that crankpin L works in a long slot 
formed by two facing angle-irons at that end of the “Alligator”. 
Therefore, crankpin A provides the drive, while crankpin L gives the 
“swing”. 

On top of the platform D is a simple drip-pan, made by soldering 
a strip of galvanized iron to a disc of the same material. The tool 
(or mirror) is held in place, slightly off centre, by blocks secured to 
the platform by wood-screws. A sheet of paper under the blocks 
makes cleaning-up a very simple job. 

When in operation, the push-rods move the mirror in a series of 
elliptical strokes over the surface of the tool, these ellipses travelling 
from side to side under control of crankpin L in its slot. Obviously, 
the length of stroke and the “swing” can be changed as desired, from 
a very long stroke for roughing out the curve, to a short stroke for 
bringing the discs into spherical contact. 

The most important feature of the Hindle machine has not yet 
been mentioned ; the method of rotating the mirror C between strokes. 
This motion is provided by adjusting the push-rods so that there is 
a clearance of about one-quarter of an inch between the rubber buffers 
and the edge of the disc. A moment’s consideration will reveal that 
this clearance means that, at the commencement of each stroke, one 
of the buffers will touch the mirror before the other, thus giving it a 
slight turning movement. ‘This action is similar to what mechanics 
call a continuous ratchet. 

At this point I wish to call attention to an error in the construction 
of this machine as pictured. A study of the various gears shows that 
the mirror turns in the same direction as the tool. To correct this 
condition, the shaft G with its worm should be placed on the other 
side of the shaft H. I have not considered it necessary to make this 
change since the mirror and tool move at quite different speeds. If 
they moved at the same speed, astigmatism would, of course, result. 
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A few words with regard to technique will not be out of place. 
When roughing out the curve, the machine provides the overhang 
recommended by Everest in his article in “Amateur Telescope Mak- 
ing Advanced”. The stroke and swing should be as long as possible 
consistent with the avoidance of tipping. The machine should be 
operated by pulling the belt until the operator is quite sure that the 
mirror will not tip, before starting the motor. 

As Everest explains, the elliptical-overhang stroke results in the 
centre of the mirror being “hogged out” while the edge is scarcely 
touched. If, therefore, the rough grinding is continued until the 
centre of the mirror is deep enough, the outside zone will be prac- 
tically flat, giving a shape like the inside of a “tin hat”, and it will 
be impossible to bring the curve out to the edge without deepening 
the centre. To avoid this, grinding should be stopped when the centre 
is about two-thirds the correct depth, and the stroke and swing 
gradually shortened. With a little care the right depth can be reached 
just as the curve reaches the edge. 

The elliptical stroke pushes the abrasive off the edge. For this 
reason no paper is used on the platform during rough grinding, so 
that the mess may be scraped off and settled after each spell of grind- 
ing. Carborundum and water may be added from time to time as the 
machine operates, but the discs should be washed off about every 
fifteen minutes. A weight of about 8 ounces per square inch is 
advised for rough grinding, tapering to 4 ounces for fine grinding and 
zero in the last stages. 

The well-known practice of reversing mirror and tool between 
each stage of fine grinding is highly recommended as a sure method 
of bringing the discs to spherical contact. I can also recommend a 
minor discovery of my own for testing contact. Buy a tube of 
artists’ “Black Stumping Chalk”. Smear a little of this across a 
diameter of the clean, dry tool. Lower the mirror centrally into place 
and rub gently without pressure. When the mirror is removed its 
surface will show black streaks at all points of contact. 

Much may be done in reducing high zones by smearing abrasive 
on the zone to be operated on, and using a very short stroke. It 
should also be remembered that the greatest abrasive action takes 
place at the points where the edge of the tool comes at the end of a 


hi, 
4 


A Hindle Type Grinding Machine 37 


stroke. Repeated changes in the adjustment of the cranks is therefore 
the secret of avoiding gross zonal errors. This applies even more 
strongly in polishing. 

Polishing requires little comment. It will be done with pitch, 
pitch with wax facets or H.C.F.* according to the taste of the 
operator. Long spells of polishing can be carried out by using H.C.F. 
combined with rouge and soapy water. As Hindle points out, the 
use of soap obviates the necessity of scoring the facets. With regard 
to figuring, in spite of popular belief to the contrary, it is perfectly 
possible to complete this operation on the machine without any hand 
work at all. 

As to speed, crank shaft J rotates at 60 R.P.M., H at about 13 
R.P.M. and the platform at about 2 R.P.M. These figures are 
reduced by one-half during rough grinding by the use of a smaller 
pulley on the motor. 

The 12%-inch Pyrex mirror for the telescope shown in Plate IV 
was ground by hand before the machine was built, but polishing and 
figuring were done on the machine, including the correction of a very 
bad hyperbola. The mounting of this telescope, which is designed 
for the University of Alberta, is a modification of the familiar double- 
voke, with the declination axis off-centre to provide greater access 
tu the polar regions. This necessitates a counterweight of about 125 
pounds to balance the tube. The head of the tube moves on ball bear- 
ings, being turned by a hand-wheel (not seen) engaging with a cir- 
cular rack. 

The entire telescope weighs about 750 pounds. The foundation 
and upright are, of course, temporary, as a concrete pier will be pro- 
vided. “Dignity and Impudence” are exemplified by the 4-inch 
“Richest Field Telescope” seen in the lower right hand corner of the 
picture. Attention is also called to the 24-inch wheel at the top of 
the polar axis. This provides means for the installation of a drive 
designed along the lines of the one invented and described by Mr. 
H. Boyd Brydon in a recent issue of the JOURNAL. 

It may be interesting to enquire what advantages machine-grind- 
ing possesses as compared with hand work. The Hindle machine is 


*Honeycomb foundation. See “Amateur Telescope Making” (1935), p. 149. 
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a labour-saving rather than a time-saving device. Rough grinding 
will take as long, possibly longer than by hand, since we cannot 
increase the speed much beyond one stroke per second without nullify- 
ing the tendency for the upper disc to become concave, and changing 
abrasive is a slower job than in hand work. Some saving of time 
may be expected in fine grinding, and there is less temptation to skimp 
this vitally important item. Polishing is much faster than by hand, 
principally because long spells of work are possible without inter- 
ruptions for rest. 

Perhaps the greatest advantage of machine-work lies in its perfect 
regularity. Despite popular opinion, there is no special virtue, per se, 
in the irregularity of hand-polishing. The ideal lies in what may be 
called “uniform irregularity”. With the Hindle machine the cranks 
are adjusted to give any desired stroke and, as long as the machine 
is running this stroke is maintained with perfect uniformity, but never 
twice over the same area of the tool or mirror. The slightly eccentric 
relation of the discs, the movement of the swing-crank, the rotation of 
tool and mirror, all combine to give an almost infinitely varied dis- 
tribution of abrasion within the limits set by the chosen adjustments. 
Since these adjustments may be changed at will, it will be seen that 
we have here the mirror-maker’s ideal of complete flexibility combined 
with absolute accuracy. 

In conclusion, I wish to acknowledge the assistance and advice of 
that dean of telescope makers, Mr. A. G. Ingalls of the “Scientific 
American”, without whose encouragement many of us would have 
abandoned in despair this finest of all hobbies. 


7718 Jasper Ave., 
Edmonton, Alberta. 


2 
3 
d 
| 


METEOR NEWS 


Observations relating to meteors and meteorites are cordially invited. 


First CATALOGUE OF FIREBALLS OBSERVED IN THE U.S.S.R. 

Some time ago I received from Dr. I. S. Astapowitsch in Moscow 
a list of 150 bright meteors observed in the U.S.S.R., to which he 
gave the above title. This catalogue contains the date and time of 
each fireball, the observer, his station and its geographical co- 
ordinates, the brightness, colour, position of path among the stars, 
apparent diameter of head, and duration of flight of each meteor, and 
remarks. Unfortunately the complete table is too long to reproduce 
here but it will be of interest to summarize some of-the statistical 
features, and with Dr. Astapowitsch’s permission I am reproducing 
these below. 

The catalogue is apparently made up of a heterogeneous group 
of fireball observations collected from many sources, and in this 
respect it is similar to the well-known Niessl-Hoffmeister catalogue 
of 611 fireballs published in 1925. Out of the total of 150 meteors 
in the Soviet list, 108 were observed in the eight years 1923-1930 
inclusive. All but two of the remainder were seen in the period 
1913-1922. 

Dividing the fireballs into the various months in which they 
appeared, we find considerable similarity with the same data taken 
from the Niessl-Hoffmeister list. The numbers of meteors for each 
month listed in the two catalogues are given below. 


| Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 


Astapowitsch z 2 9 11 10 5 12 22 24 18 8 12 
N-Hoffmeister | 45 40 38 43 40 35 63 72 59 63 62 = « Szi1 


In both cases June is the lowest month (undoubtedly partly owing to 
the long bright evenings) and the last half of the year shows con- 
siderably higher numbers than the first. The difference between the 
two halves of the year is a little more marked in the Soviet list. 

Of the 150 fireballs tabulated by Astapowitsch, 63 were described 
merely as “fireballs” or as “very bright”. For the others more definite 
estimates of brightness were given, the majority being compared to 
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the moon at various ages, or to Jupiter and Venus. On reducing 
these we have the following magnitude distribution for 87 meteors. 


Mag. 0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -27 Daylight F. 


No. } 1 


Colours were described in 120 cases with the distribution given 


below. 


blue green white yellow orange red Change of colour 
towards red towards blue 
marked = slight = marked slight 


19 12 23 11 6 17 6 13 3 10 


Persistent trains were specifically mentioned in 55 cases though 
some of these lasted only a few seconds. Durations of flight for 83 
meteors were given. These averaged 3.4 seconds and ranged from 
0.5 seconds to 15 seconds, the frequency of duration being fairly 
evenly distributed from 0.5 seconds to 3.5 seconds and then falling 
rapidly. In this catalogue there is no marked increase in numbers 
near the dates of the best known showers so it is probable that most 
of these fireballs were sporadic. The great majority were observed 
during the first half of the night, which is a normal condition since 
more people are out during these hours. 


P.M.M. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


THE UNCONQUERABLE SPIRIT OF BRITAIN 


Let’s Smile 
The night breaks into the dawn, 
The storm drops into the calm; 
And out of the sky, when the tempests die, 
There rises the lark’s sweet psalm. 


On all of us hurricanes beat— 

And sometimes there’s sorrow and pain; 
But let us remember that after December 

The Spring will be coming again. 

On the front page of a personal greeting card received from Great 
Britain during the Christmas season were the above two stanzas ; and 
within was the following message, sent by a ninety-six-year-old rela- 
tive and his devoted daughter : 

In these days of wholehearted service and devotion may 
Christmas and the coming year bring you health and all 
good luck! 

The cause of Freedom will not perish from the earth! We in 
Canada are fortunate to live in comfort and safety beside a powerful 
but friendly and free people. 


CALC. 


THE EXPERIENCES OF AN ASTRONOMER 


In our December issue appeared a paper on a new method of 
observing visual double stars by Dr. F. C. Henroteau. At the time 
it was written the author was in the southern part of France. From 
August to the end of November he spent a considerable time at the 
observatory at Marseilles, of which Professor J. Bosler is director, 
working on the project described in the article. Then, after an event- 
ful trip from Marseilles through Spain and Portugal, he sailed from 
Lisbon to New York whence he went by airplane to Montreal. At 
present Dr. Henroteau is in Ottawa. 
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British ASTRONOMY AND THE WAR 


It is with great regret that Canadians will learn that “all meetings 
of the British Astronomical Association have been postponed until 
further notice.” However, the 1941 Handbook of this Association 
has been received recently. In the preface the editor states: 

If only a few of our members are able to make use of this war-time Hand- 


book in conditions of comparative peace, the Director, from the depths of his 
air-raid shelter, will have derived some satisfaction from his task. 


We also learn that the well-known London publication The Obser- 
vatory, a monthly review of astronomy now in its sixty-fourth year, 
has been forced temporarily to reduce publication to alternate months. 

These changes are very regrettable, and it is hoped that the need 
for them will soon disappear. Considering the number of British 
astronomers who are absent from their usual posts due to service in 
connection with the war, the quantity and quality of the contributions 
appearing in the Monthly Notices, the Observatory and the Journal 
of the B.A.A. during the past year command our greatest admiration 
for our overseas compatriots. 


F.S.H. 


Transir oF Mercury, 1940, NovemMBer 11 

In order to co-operate with the United States Naval Observatory 
in its request for observations of the transit of Mercury, 1940, Novem- 
ber 11, an appeal was made to the members of the Toronto Centre. 
Instructions adapted from those published by the Naval Observatory 
in various periodicals were sent to some dozen members who had 
the necessary equipment for observation. However, rain and a com- 
pletely overcast sky prevented us from getting even a glimpse of the 
sun on that day. The effort expended by these members in getting 
their telescopes adjusted for solar observations and in practising the 
taking of the time is greatly appreciated. It was indeed unfortunate 
that this preliminary work could not lead to fruitful results because 
of the interference of poor weather. 


RJ.N. 


ANOTHER ASTRONOMICAL SOCIETY 


Very pleasing news comes from the city of Quebec. Mr. Paul 
H. Nadeau, L.Sc., of the Provincial Department of Mines, states that 
on December 7 last an astronomical association, bearing the name 
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Cercle Astronomique de Québec, was organized there by a group of 
active amateurs, mostly young men. The chief object of the society is 
to popularize practical observing, and it is proposed to erect a popular 
observatory as soon as possible. Already there are thirty-five mem- 
bers and the number is still growing. Of these, tive live outside the 
city. Many boys of fifteen years or younger have expressed a desire 
to become members and there will be, especially for them, some more 
popular addresses and the projection of astronomical films. Mr. 
Nadeau was elected president of the Cercle and he is receiving enthu- 
siastic support from the members. 

The JourNAL expresses hearty good wishes for the success of the 
Cercle and hopes that before many months it may become a Centre of 
the Royal Astronomical Society of Canada. 

CAC. 


Ernest Brown, 1866-1938 

The biographical memoir of E. W. Brown prepared by his col- 
leagues at Yale University, Frank Schlesinger and Dirk Brouwer, 
and published by the National Academy of Sciences, is surely a model 
of what such a production should be. 

Brown’s forbears lived at or near Hull, Yorkshire, England. He 
early showed talent for music and at first it was proposed that he be 
prepared for a career in music; but later he developed mathematical 
ability, and after preliminary training he was sent in 1884 to Cam- 
bridge University, which everyone knows has long been a great centre 
for mathematics and mathematical science. John Couch Adams 
(1819-1892), famous in the discovery of Neptune in 1864, was the 
one there whose work was closely related to Brown’s future life-work. 
In truth, Brown had little contact with him. Actually Professor 
George Howard Darwin, son of the great biologist Charles, became 
his close friend and adviser. Brown graduated B.A. in 1887 as sixth 
wrangler. He in 1891 joined the staff of Haverford College, near 
Philadelphia, where he had charge of the observatory, and this led 
him more definitely towards astronomy. He was soon made full 
professor of mathematics and he remained there until 1907 when he 
was called to Yale. There he stayed until his death, July 22, although 
he retired in 1932. His great work was the “Theory of the Motion 
of the Moon”, which was published in five parts in the Memoirs of 
the Royal Astronomical Society, 1897-1908. His biographers say: 
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“The fourth part, 1905, concluded with a summary of the solution 
of the ‘main problem’. Both as to completeness and accuracy this 
solution surpassed the work of Brown's predecessors to a remarkable 
degree.” His theory, together with the tables for the computation of 
the moon's position at any time, are considered by far the most 
accurate yet produced. Various questions in gravitational theory 
were treated by him ; and competent persons rank his scientific stature 
along with that of Newcomb (1835-1909), G. W. Hill (1838-1914), 
and Poincaré (1854-1912). In the bibliography appended to the 
memoir there are listed 195 contributions. 

We all love to learn personal details of the life of a distinguished 
man, and readers will be interested in the following quotation taken 
from the closing portion of the memoir : 

Like some of his predecessors in Celestial Mechanics, Brown never mar- 
ried. His household was presided over for many years by his maiden sister 
Mildred, his junior by two years... . 

Brown knew how to play as well as to work. In his youth he was addicted 
to rowing and to mountain climbing. He kept up his piano playing and up to 
within a few years of his death he was an excellent performer, until in fact 
palsy made it increasingly difficult for him to strike the keys accurately. But 
he continued to take great pleasure in music in all its forms. He was for a 
time the head of the New Haven Oratorio Society. He was fond of chess and 
played a good game; of late years he gave up this amusement as being too 
severe a mental tax. He then took to cards, especially bridge, but he did not 
make a conspicuous success of this game. He was an authority on nonsense 
verse and could recite without a slip long extracts from Gilbert and Sullivan’s 
operettas, from the Bab Ballads and from Lewis Carroll’s verse. In his earlier 
years he read the English classics, but later he devoted his reading time to the 
detective story. He was an inveterate traveller and used to attend a great 
number of meetings, scientific and other. There is no doubt that his chief 
object in going to so many gatherings was to renew his many friendships among 
his colleagues. 

His daily routine was unusual. He would retire rather early in the evening 
and as a consequence would awaken usually from three o'clock to five o'clock 
in the morning. Having fortified himself with a number of cigarettes and a 
cup of strong coffee from a thermos bottle, he would then set to work in earnest 
without leaving his bed. At nine o’clock he would get up and have his break- 
fast. Unless he had something especially exciting on hand, he would not return 
to mathematical work until the next morning, devoting the intervening time 
to correspondence, teaching and other similar duties. This programme he 
carried out whenever possible, at home, at the houses of friends he was visiting, 
and even on board ship. 
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MEETINGS OF THE SOCIETY 


AT WINNIPEG 

November 13, 1940.—The regular meeting of the Winnipeg Centre was 
held in Theatre F, University Building, at 8.15 p.m. The president, Mr. L. J. 
Crocker, was in the chair. 

Mr. R. S. Evans spoke for a few minutes about the importance of the recent 
transit of Mercury. He had been prepared to photograph this event but on that 
day Winnipeg was treated to one of the worst storms of clouds, snow and wind 
ever experienced so that photographs could not be taken. 

Mr. R. D. Colquette followed with his summary of astronomical news. 
The most interesting item was the forthcoming appearance this year of a large 
comet. 

The address of the evening was given by Professor Milton S. Osborne, 
of the Department of Architecture, University of Manitoba. His subject was, 
“Colour and Architecture.” 

The speaker said that the Greeks coloured the parts of their buildings 
which were supported. These parts were less important and the supporting 
columns were left white to show in mass against the bright blue of the Greek 
sky. He then illustrated this principle with beautiful coloured crayon sketches 
of Doric, Ionic and Corinthian examples. 

The lecture was a distinct change from the usual astronomical topic but 
was thoroughly enjoyed. Mr. Norris-Elye voiced the thoughts of the meeting 
in moving a vote of thanks to Professor Osborne. 

Ouive A. ArMstrONG, Secretary. 


AT TORONTO 


November 19, 1940.—The regular meeting of the Toronto Centre was held 
in the McLennan Laboratory, University of Toronto. Mr. S. C. Brown was in 
the chair. 

Dr. E. J. Lehman, 86 Bloor Street West, Toronto, was elected to mem- 
bership in the Toronto Centre. 

The speaker of the evening was Dr. R. K. Young, Director of the David 
Dunlap Observatory, whose subject was “The Schmidt Camera.” Dr. Young 
pointed out that there are three requisites for an astronomical camera: speed, 
definition and field, and the history of the development of the camera may be 
traced by the improvements made in these three fundamental properties. The 
early cameras made use of a simple lens. This lens gave a small field and had 
poor definition, due to the spherical and chromatic aberrations. The improve- 
ments that have been made by developing complicated lens systems of different 
kinds of glass and by using mirrors instead of lenses were discussed. However, 
the difficulties in making big fast lenses of good definition are indeed great. 
Schmidt, in designing his camera, went back to the spherical mirror with a 
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diaphragm at the centre, where the definition, though poor, is the same over 
the whole plate. In order to correct this poor definition Schmidt put a correct- 
ing plate in front of his spherical mirror. The shape of this plate is a com- 
bination of two curves, one of which corrects for the aberration due to the 
spherical shape of the mirror, and the other corrects for the second order 
chromatic aberration. 

Dr. Young gave the numerical values for the correcting plate for the 
Schmidt camera which he made at the Observatory. In no place does this 
optical part differ from a plane by more than 0.008 inch. The diameter of the 
mirror is 3 inches and the focal length 3 inches. As far as is known this is 
the only Schmidt camera that has been made in Canada, although a number 
have been made in the United States. 

Dr. Young described how he went about grinding the unusual curve of the 
correcting plate and stressed the importance of an accurate test in such work. 
He had his Schmidt camera set up so that the accuracy of the design was ably 
demonstrated to the members. 

Mr. Brown next called upon Dr. P. M. Millman, who spoke on “The 
Question of Life on Other Worlds.” Dr. Millman reviewed the new book, 
“Life on Other Worlds” by H. Spencer Jones. This book is quite readable for 
the intelligent layman, and discusses the researches that have been made on 
this question. The conditions for biological life as we know it must be such 
that complicated molecules based on carbon can be built up and that colloids, 
which are rather loose aggregations of these molecules, can exist. The likely 
limits in temperature for the existence of these aggregations are from 0°F. 
to 150°F. 

Dr. Millman briefly discussed the part plants play here on earth in utilizing 
the energy of sunlight to reduce the carbon dioxide of the atmosphere and to 
give out oxygen. It is apparently necessary to have a supply of carbon dioxide 
for life to exist, and if such life does exist one would expect to detect the 
presence of oxygen. 

The development of a planet was then discussed, the more massive and the 
smaller planets being considered separately. This theoretical development, 
simply assuming that originally the material was similar to the sun, in a 
gaseous state at a temperature between 4000° and 5000°C, seems to fit the 
observations of the planets of the solar system. Thus Venus is ages behind the 
earth, and Mars is ages ahead of the earth in evolution. 

Dr. Millman pointed out that this book gives a good summary of the work 
done, but that it does not give a fair picture of Mars in the light of the work 
done at the Lowell Observatory. 

Rutu J. Nortucort, Recorder. 


AT VICTORIA 


October 9, 1940.—The first meeting of the 1940-41 season was opened at 
8.15 p.m. with a welcome by the President, Mr. Robert Peters, followed by the 
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reading of the minutes of the last meeting. The President announced the 
splendid gift to the Centre of the library of the late Dr. W. E. Harper, 
Director of the Dominion Astrophysical Observatory, by his wife. Details of 
this very fine donation were given by the librarian, Miss Hailstone, who also 
reviewed two other recent acquisitions, “The Star Gazer”, by gift, and “The 
Beginner’s Guide to Astronomy” by purchase. 

Mr. Gordon Shaw told of current phenomena concerning Mercury, Mars, 
Jupiter and Saturn and also of an occultation of rho Aquarii on October 13. 
The President then introduced the speaker of the evening, Mr. H. Boyd 
Brydon who, of course, needed no introduction to the Centre and who had 
chosen for his topic “Sunlight”. 

As a very large portion of the light received by our eyes comes from the 
sun, either directly or after reflection, the subject was a vast one. A few 
important sidelights were illustrated by a page of drawings which was pre- 
sented to the members. The size of the sun as seen at a distance of two feet 
was estimated by the audience—and the discrepant results were considered in 
the light of tests made with school children, who had given answers which 
varied from half an inch to two feet. The phenomenon of refraction, which 
explains the “plum-pudding” shape of the rising sun or moon was fully con- 
sidered and also the various unsatisfactory explanations concerning the apparent 
decrease in size of the moon as it mounts the sky. The mystery of light and 
its results: the red of the rising sun, the blue of the sky and the spectroscope, 
which enables astronomers to study the distant sun and stars, were very 
lucidly discussed. 

At the close of the lecture, many questions, chiefly concerning the physio- 
logical effect of the size of the moon, were put to the speaker and a hearty vote 
of thanks was offered to him. The meeting closed at 9.45 p.m. 


October 16, 1940—At 8.15 p.m. the President, Mr. Robert Peters, called 
the meeting to order. Miss Hailstone, the librarian, issued a call for missing 
books to be returned and then reviewed “The Discovery of the Earth” by 
Parson. Dr. J. A. Pearce spoke briefly of the coming transit of Mercury and 
also told of the establishment of the Chant Medal for amateur members of the 
Society. Dr. K. O. Wright called for volunteers to observe the transit of 
Mercury on Nov. 11, and Mr. Peters asked owners of telescopes to test them 
by observing the double stars, alpha Piscium, zeta Aquarii and 6 Trianguli. 

Dr. Andrew McKellar, the lecturer of the evening, had chosen for his 
subject “Interstellar Space”. Proofs of the existence of matter between the 
stars were listed as: (1) the presence of dark areas in the Milky Way; (2) 
the apparent redness of many O- and B-type stars, which must be due to their 
great distance; and (3) the observation of “stationary lines” in the spectra of 
distant stars. 

Until 1935 the only elements identified as present in interstellar space were 
ionized calcium and sodium. Then Merrill discovered a few broad lines which 
might be due to interstellar molecules. In 1937 Adams and Dunham found 
lines due to interstellar potassium in the infra-red, and titanium in the far 
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violet regions of the spectrum; and in 1938 Beals and Blanchet studied the 
broad interstellar feature at 44430. Since that time, the powerful spectrographic 
equipment at Mount Wilson has shown other sharp interstellar lines and very 
recently McKellar has found that three of these lines agreed accurately with 
positions of lines in the molecules CH and CN. Other lines due to these mole- 
cules were predicted and the presence of these lines on plates taken by Adams 
confirms this discovery. Accordingly we may add carbon, hydrogen and 
nitrogen to the elements present in interstellar space. Further researches on 
interstellar matter include the study of galactic rotation by Plaskett and Pearce; 
the discovery of complex interstellar lines by Beals; and, from the recent work 
on interstellar molecules, we may say that they behave as though they were at 
a temperature only two degrees above absolute zero. 
Following the lecture many questions were asked by the audience. 

hearty vote of thanks was tendered to the speaker. 


November 20, 1940.—The meeting was called to order at 8.15 p.m. by the 
President, Mr. Robert Peters. The librarian, Miss Hailstone, gave a brief 
review of “The Stars in Their Courses” by Sir James Jeans and Mr. Brydon 
described the visual and photographic observations of the transit of Mercury 
which had occurred on November 11. It was announced that the Third Annual 
Dinner would be held on December 13 and everyone was urged to attend. 

The speaker of the evening, Mrs. Diana Watts, was introduced by the 
President as an authority on Greek culture and art, fully qualified to tell about 
the constellations in her lecture, “The Romance of the Stars”. Many delightful 
stories were told, including the legends of Orion, the intrepid hunter and his 
two dogs; his fight with the bull and his death from the sting of the scorpion 
which, accordingly, was placed diametrically opposite in the sky; and of the 
Pleiades, the seven daughters of Atlas who, as doves, flew up into the sky 
when pursued by Orion. Andromeda, the beautiful daughter of Cassiopeia and 
Cepheus was to be a sacrifice to the sea monster Cetus, because of the boastful 
talk of her mother, but was rescued by Perseus. The nymph Callisto incurred 
the jealous wrath of Juno but was saved when Jupiter transformed her into a 
bear, and was placed near the pole of the heavens. The second portion of the 
lecture was devoted to the stars themselves: a description of the beauty of the 
skies south of the equator and of the wonders to be seen by the possessor of 
even a small telescope. 

After the lecture, questions were asked about the constellations, their 
origin and other myths connected with them. A hearty vote of thanks was 
given to the lecturer. 

K. O. Wricut, Recorder. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 
1890-1940 


This year marks the completion of the first fifty years of the corporate 
existence of our Society. The Society was incorporated in 1890 under the name 
of The Astronomical and Physical Society of Toronto, and assumed its present 
name in 1903. 

For many years the Toronto organization existed alone, but now the Society 
is national in extent, having active Centres in Montreal, P.Q.; Ottawa, Toronto, 
Hamilton and London, Ont.; Winnipeg, Man.; Edmonton, Alta.; Vancouver 
and Victoria, B.C. As well as about 700 members of these Canadian Centres, 
there are over 200 members not attached to any Centre, mostly resident in 
other nations, while some 300 additional institutions or persons are on the 
regular mailing list for our publications. 

The Society publishes a monthly JourNAL containing about 500 pages and 
a yearly Osserver’s Hanpsook of 80 pages. Single copies of the JourNAL or 
Hanpsooxk are 25 cents, postpaid. In quantities of 10 or more copies, the price 
is 20 cents a copy. 

Membership is open to anyone interested in astronomy. Annual dues, 
$2.00; life membership, $25.00. Publications are sent free to all members or 
may be subscribed for separately. Applications for membership or publications 
may be made to the General Secretary, 198 College St., Toronto. 


The year 1940 also marks the hundredth anniversary of the founding in 
Toronto of the first Observatory (magnetic) in Canada. This was one of the 
first magnetic observatories in the world and became the nucleus of observatory 
development in Canada. 


The Society has for Sale: 
Reprinted from the JouRNAL of the Royal Astronomical Society, 1936-1939. 


The Physical State of the Upper Atmosphere, by B. Haurwitz, 96 pages; 
Price 50 cents postpaid. 


The Small Observatory and its Design, by H. Boyd Brydon, 48 pages; 
Price 25 cents postpaid. 


General Instructions for Meteor Observing, (revised 1940) by Peter M. 
Millman, 24 pages; Price 15 cents postpaid. 


Two Inexpensive Drives for Small Telescopes, by H. Boyd Brydon, 12 
pages; Price 10 cents postpaid. 


A. H. Young’s Simple Mounting for the 6-inch Reflector, by H. Boyd 
Brydon, 16 pages; Price 10 cents postpaid. 


Send Money Order to 198 College St., Toronto. 
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